The field of endoscopy has progressed markedly and become widespread in recent years, and the role of minimally invasive endoscopic treatment has become increasingly more important with the increase in the number of patients in whom gastric cancer is detected at an early stage. In addition, the characteristics of early gastric cancer, which can be curably treated by mucosal resection alone just as by surgical cancer resection, were clarified, and endoscopic submucosal dissection (ESD) was developed as a highly curable, minimally invasive treatment, that is gaining popularity. In this paper, we describe the technical details and complications of ESD for early gastric cancer, including their management.
Introduction
More than 20 years have passed since the introduction of endoscopic mucosal resection (EMR) to the treatment of digestive tract tumors, and endoscopic treatment is now widely performed for early digestive tract cancers including stomach as well as esophageal and colon cancers [1] [2] [3] [4] . Endoscopic submucosal dissection (ESD) was reported as treatment for early-stage gastric cancer in the late 1990s in Japan, and it has rapidly spread, surpassing conventional endoscopic mucosal resection (EMR) [5] [6] [7] . ESD has been developed as a new technique, and as en bloc endoscopic resection of large lesions and lesions with ulcer scar become possible [8] . Endoscopic treatment for digestive tract tumors has entered a new era.
ESD potentially includes problems such as technical difficulty, considerable time required to learn the skill, and frequent occurrence of complications such as hemorrhage and perforation [9] [10] [11] , on the other hands, ESD enables higher rates of en block resection than EMR, and as a result, clearly reduces recurrence from residual tumors [12] . Instruments for ESD and related devices have been developed with improvements in, and stabilization of, its procedure, and the technique has spread gradually at many facilities.
In this report, we describe the indications of endoscopic treatment for early gastric cancer (EGC), technical details of ESD, diagnosis of the tumor extent during treatment, complications, and their management.
Indication of Endoscopic Therapy for Early Gastric Cancer
In Japan, EGC is defined as a gastric carcinoma confined to the mucosa or submucosa, regardless of the presence or absence of regional lymph-node metastases. The outcome of surgical therapy for EGCs has been favorable: the 5-year survival rate reaches 90% -100% in Japan [13] [14] [15] [16] . Endoscopic therapy may be considered as a treatment option for EGC because of its low invasiveness, but it can only be a valid alternative to surgery if the rate of complete cure is maintained at the same level as that of surgical therapy. Thus, the indications of endoscopic therapy for EGC are based on evaluating the possibility of complete cure after endoscopic treatment. According to the "Gastric Cancer Treatment Guidelines" published by the Japanese Gastric Cancer Association in 2001, the indications for EMR of EGC are restricted to a non-ulcerated, differentiated-type mucosal carcinoma measuring less than 2 cm [17] . Basically, the lesion must have a negligible risk of lymph-node metastasis, and its size and location should not preclude the possibility of en bloc resection. Submucosal invasion, ulceration, and the undifferentiated type are important risk factors for lymph-node metastasis, as shown in large studies of surgically resected specimens [18] [19] [20] . Regarding the size and location of the lesions, the criterion is based on the recognition that en bloc resection is essential. Piecemeal resection impairs pathological judgment as to whether or not the lesion has been completely resected and increases the risk of residual cancer and local recurrence [7, 12, 21] .
ESD has been developed to expand indications of endoscopic treatment for stomach cancer and to reliably resect large lesions, the en bloc resection of which has been difficult by conventional EMR using a snare. The development of this technique has made the limitation of the tumor size that that can be resected en bloc by EMR (<2 cm) meaningless, and the widening of indications of endoscopic treatment for stomach cancer is evaluated.
Patients to Be Excluded from ESD
ESD is a procedure that is less invasive than open surgery for stomach cancer, preserves the stomach function, and ensures a high quality of life. However, compared with EMR, ESD is associated with a higher incidence of procedural accidents, the severity of which is higher [12] . Early gastric cancer, which can be treated by ESD, has been detected more frequently in elderly patients suffering from various diseases due to the aging of the population. ESD is performed only if long-term survival is expected, and the patient's general condition is such that procedural accidents, if any, can be remedied by surgery. It should be avoided, if possible, to choose ESD because the patient's general condition is too poor for surgery.
Technique of ESD

Selection and Preparation of the Endoscope
ESD for early gastric cancers is carried out using a singlechannel upper gastrointestinal endoscope with a water-jet system ( GIF-Q260J; Olympus Optical Co., Tokyo, Japan) and a high-frequency generator with an automatically controlled system (ENDOCUT mode) (Erbotom ICC 200; ERBE Elektromedizin GmbH, Tubingen, Germany). For ESD of the stomach, the use of an upper gastrointestinal endoscope with a multi-bending function provided by 2 flexible parts (GIF-2TQ260M; Olympus Optical Co., Tokyo, Japan) is an option to treat lesions that are difficult to approach. An attachment-loaded balloon that facilitates access to difficult-to-approach sites is also commercially available.
ESD must be performed by attaching a transparent hood to the tip of the endoscope to open up the incised mucosa as a substitute for countertraction and also to help control the movements of the knife.
Knife Selection
Presently, many types of ESD knife are sold. A few representative knives are described (Figure 1) .
Flush knife (DK2618N; Fujinon, Tokyo, Japan) Since the author uses a flush knife as a basic knife, its characteristics and the method for its use are described in some detail. It is a short needle knife with an irrigation function. Five types with different tip lengths ranging from 1 -3 mm at 0.5-mm intervals are available. The 1.5-mm type is suited for the colon and esophagus, and the 2.5-mm type is suited for the stomach. Since adjustment of the tip length or direction is unnecessary, it can be set-up quickly and makes safe and easy manipulation possible using the sheath as a protector. The tip of the sheath can be used to push the muscle layer and lesion aside and be advanced into the narrow submucosal layer, and hard fibers can be dissected without difficulty. The greatest advantage is that washing of the surgical field or additional submucosal injection can be performed by flushing water through the knife without changing the instrument, resulting in marked improvements in the efficiency and safety of the procedure.
IT knife and IT knife 2 (KD-610L, DK-611L; Olympus, Tokyo, Japan)
The IT knife is an endoscopic instrument with a small ceramic ball attached as an insulator to the end of a needle knife to prevent perforation. The insulator at the tip contributes to the prevention of perforation. The tip of the knife is blunt, and cutting is performed using the blade on the side of the knife. Speedy cutting over a long distance is a characteristic of this instrument. In IT knife 2, a new electrode installed at the tip of the knife has improved the ability to make transverse incisions.
Hook knife (KD-620LR; Olympus, Tokyo, Japan) It is a needle knife with a tip perpendicularly bent at 1.4 mm from its end to hook mucosal or submucosal fibers and incise or dissect them. The risk of perforation can be reduced even when the knife must be advanced perpendicularly to the muscle layer and in patients with marked fibrosis as long as it is manipulated by pulling. However, as the direction of the knife must be adjusted, because the length that can be cut by one stroke of hooking is short, ESD using this knife alone takes time. It is frequently used for special purposes such as dissection of a markedly fibrosed submucosal layer.
Mucosectome (DP-D2518; HOYA, Tokyo, Japan) Mucosectome is a circumferentially insulated knife with a single-wire blade on one side of the tip. Since the entire circumference of the knife is covered by a plastic insulator, dissection can be performed safely by positioning the plastic part on the muscle layer. Since the tip is also an insulator, a long distance can be cut quickly, similarly to the IT knife, by applying the tip and swinging it sideways.
SB knife (MD-47703; Sumitomo Bakelite, Tokyo, Japan)
It is a scissors-like knife with electrodes placed on the inner sides of the blades and nonconductive coating of the external surface. By holding the knife and pulling it toward the surgeon, incision or dissection can be accomplished safely and easily. Since it can clip a vessel and coagulate blood, it also serves as hemostatic forceps.
The author also uses this knife for releasing membranous stenosis of the esophagus.
Endoscopic Submucosal Dissection
Procedure (Figure 2) 
Diagnosis of Tumor Extent
The advantage of ESD is that it enables the en masse resection of even large lesions, thereby allowing the accurate pathological evaluation of the resected lesions and avoidance of recurrence after piecemeal resection. Therefore, it is important to accurately determine the extent of gastric cancer invasion and resect the cancer. However, in gastric cancer, it is sometimes difficult to determine the extent of tumor invasion as clearly as in iodine staining for detecting esophageal cancer. Therefore, the extent of gastric cancer invasion is usually determined comprehensively based on endoscopic findings and findings using indigo carmine dye spray ( Figure  2(A) ). If it is still difficult to determine the tumor extent, it is determined based on the findings of biopsy of the area around the lesion as well.
In the last several years, the usefulness of NBI magnifying observation not only in the qualitative diagnosis of gastric cancer but also in the diagnosis of the tumor extent has been reported [22] [23] [24] .
For magnifying NBI-guided assessment of the stomach, it is necessary to analyze microvascular features and fine mucosal structures separately and make a diagnosis based on these findings. NBI magnifying observation is very useful in many patients (Figures 3(A) and (B) ). However, it is difficult to diagnose the tumor extent by NBI magnifying observation in some cancers, such as an undifferentiated cancer extending into the gland neck and covered with a normal mucosa and a gastritis-like type of differentiated adenocarcinoma (Figures 3(C) and (D) ). Therefore, it is essential to make a comprehensive diag- nosis based on findings including those of biopsies.
Marking around the Lesion
The safety margin from the end of the lesion should be at least 3 mm from the viewpoint of postoperative pathological examination.
Marking is made using the tip of the Flush knife. Dots are made circumferentially at even intervals 3 mm or more away from the lesion (Figure 2(B) ). Points for marking are not to press the tip too hard against the mucosa and to shorten the duration of electricity application.
The soft coagulation mode (output, 40 -50 W) was used as the electronic current.
Creating a Submucosal Fluid Cushion
To secure clear vision and perform ESD safely under direct observation, submucosal injection should be performed frequently. Physiologic saline, Glyceol, sodium hyaluronate solution, etc., are used for submucosal injection in ESD. The viscosity of these solutions increases in this order, and a hard elevation is maintained for longer as a more viscous solution is used.
Indigo carmine may be added to facilitate the recognition of the submucosal layer, into which injection has been made, or to contrast the lesion against blood vessels and the muscle layer, or epinephrine may be added to prevent hemorrhage. Figure 4 shows the difference in the appearance of the gastric submucosa after the submucosal injection of a mixture of sodium hyaluronate solution and indigo carmine or sodium hyaluronate solution alone.
Since the submucosal injection of sodium hyaluronate solution into the muscle layer or deeper areas makes subsequent procedures difficult, it is recommended to inject physiologic saline first and then inject sodium hyaluronate solution after confirmation of its entry into the submucosal layer.
Incising the Mucosa outside the Lesion
After lifting the lesion, a mucosal incision was made with a Flush knife. The knife was gently pressed onto the mucosa to produce a cutting effect using the ENDOCUT mode with effect 3 (output, 80 -120 W).
In ESD of the stomach, incision and dissection from the oral side may cause the falling of the lesion into the duodenum and makes subsequent manipulations difficult, so incision should be made first on the anal side of the lesion. Another point of caution is that satisfactory elevation cannot be achieved in large lesions, which take time to resect, if a circumferential incision is made first, because the injection fluid leaks through the incision even with additional submucosal injections. It is important to make a partial rather than circumferential incision first, immediately dissect the submucosal layer, and repeat this process.
Dissecting the Submucosal Layer Beneath the
Lesion After partial incision, dissection of the submucosal layer is started immediately, with the Flush knife used to make the first incision (forced coagulation, 35 -45 W). Dissection is initiated by applying the knife to the inside (on the tumor side) of the incision margin and advanced along the incision margin. As dissection is advanced, the incised wound opens gradually, and the submucosal layer becomes easier to approach. As dissection is advanced further, a space sufficient to insert the entire tip hood is created in the submucosal layer. By inserting a transparent tip hood, not only is good visibility of the submucosal layer achieved, but also dissection is facilitated further, because appropriate traction is applied to fibers. This manipulation is a very important point when using instruments to be mounted on the tip such as the Flush knife. To conduct safe and effective ESD, it is important to repeat submucosal injection, incision, and dissection with a favorable balance so that the tumor is released evenly.
In patients showing marked fibrosis making dissection of the submucosal layer difficult and those in whom respiratory movements and the pulse interfere with safe the execution of dissection, safe dissection can be achieved by applying electricity after pinpoint pulling of the submucosal fibers to be dissected into the tip hood using a hook knife (KD-620LR; Olympus) or scissors-like SB knife (MD-47703; Sumitomo Bakelite, Tokyo, Japan). However, since only a small number of fibers can be held at a time, the treatment is time-consuming.
On the other hand, for dissection of the submucosal layer in a large lesion, the operation time may be shortened by dissecting a wide area at one time using a knife such as the mucosectome (DP-D2518; HOYA).
Complications and Measures to Control Them
Major complications associated with ESD of include perforation and bleeding ( Figure 5) . First, the incidence of perforation has been reported to be about 1.2% -6.1% even after ESD of the stomach [9] [10] [11] , which is technically the most established and widely performed, and is higher than that of EMR. Particularly, the risk of perforation is high, and caution is needed, in patients with large lesions, lesions of the upper body of the stomach, and those with ulcer scars. Pneumoperitoneum is caused by air leak from the site of perforation. If the air leak is small, it poses no problem, but a large air leak may cause exacerbation of the respiratory state or neurogenic shock. If perforation has occurred or is suspected, the abdomen of the patient must be palpated frequently to evaluate pneumoperitoneum, and the gas must be released through peritoneocentesis if pneumoperitoneum is severe or changes are observed in vital signs. Peritoneocentesis must be performed after confirming that the intestine is not located at the puncture site under ultrasound guidance as much as possible. Recently, air leak has ceased to be a serious problem due to insufflation of CO 2 during ESD. Since CO 2 is absorbed more rapidly than air, it reduces the patient's discomfort due to an increase in gas in the intestine associated with a prolonged procedure, and if it should leak into the abdominal cavity due to perforation, it is absorbed relatively quickly. However, attention to CO 2 narcosis is necessary when it is used in COPD patients.
Conventionally, emergency surgery was considered necessary to treat perforation during endoscopic treatment. However, there is no food residue in the stomach during gastric ESD, and no bacteria can usually inhabit the stomach. Therefore, even if the stomach is perforated, serious bacterial peritonitis does not occur if the perforation site is promptly closed by clipping, necessary treatment of pneumoperitoneum is made, eating and drinking are avoided, decompression is made by gastric intubation through the nasal route, and antibiotics are administered, and the condition is often resolved in a few days only after mild localized peritonitis due to the leakage of gastric juice.
Although perforation due to ESD can be managed reasonably by conservative treatments as those mentioned above in most patients, conservative treatments should not be adhered to, and, always with the possibility of surgical treatments in mind, cooperation with surgeons must be secured.
Regarding bleeding, some intraoperative bleeding is almost unavoidable. Since bleeding makes securing of the visibility of the surgical field difficult, it is important first to prevent bleeding. Preventive cauterization of small vessels observed during incision and dissection with the knife being used before the occurrence of bleeding is important. If bleeding is from a relatively large vessel or difficult to stop with a knife, hemostatic forceps should be used. It is the most important to promptly determine the site of bleeding and achieve hemostasis by employing as few manipulations as possible. If the visibility is impaired due to the pooling of blood by severe bleeding, a change in the body position may be effective. In addition, the use of an endoscope with a water jet function is considered effective to shorten the time until hemostasis and more efficiently secure the visibility by irrigation. Desperate attempts to stop bleeding may cause damage to the mucosal side of the lesion or lamina propria mucosae and increase the risk of late perforation.
Handling of Resected Specimens
According to the 3 rd English Edition of the Japanese Classification of Gastric Carcinoma [25] , specimens obtained by endoscopic or laparoscopic mucosal resection should be handled in the following manner: the specimen should be spread out, pinned on a flat cork, and fixed in formalin solution. The size of the specimen, the size and shape of the tumor, and the margins should be recorded on a schematic diagram. The proximal cut end should be indicated by an arrow, if possible. Fixed materials should be sectioned serially at 2 mm intervals parallel to a line that includes the closest resection margin of the specimen.
Histological Examination
The histological type and the size of the largest dimension of the tumor, the presence or absence of ulceration (UL), lymphatic invasion (ly) and venous invasion (v) should be recorded. The depth of invasion (M, SM1, SM2) are determined and recorded only when the Vertical margin (VM) is negative (SM1, submucosal invasion <0.5 mm; SM2, invasion ≧0.5 mm).
The lateral margin (LM) should be assessed, and if LM is negative, the length (millimeter) of the free margin or the number of normal tubules in the margin are recorded. Tumor extent, together with depth of invasion, should be recorded on a schematic diagram.
Summary
We describe the indications, technical details, and complications of ESD for early gastric cancer.
To perform ESD safely and reliably, not only the techniques of incision and submucosal dissection, but also the management of intraoperative bleeding and perforation is important.
Although problems such as the difficulty in mastering the procedure and accidents remain to be overcome, ESD is expected to spread widely not only in Japan but also abroad as a mildly invasive treatment for early gastric cancer.
